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(54) Database network 

(57) A method and apparatus for publishing and 
receiving events to a network (120). A plurality of "pub- 
lisher" entities publish information and a plurality of 
"subscriber" entities request and use the information. 
Publishers (102. 110, 116) and subscribers (104. 112, 
118) are connected to each other through a network 
(120). The network (120) is a "store and forward" net- 
work whose routing is "content-based." The basic 
quanta of information is called an "event." Publishers 
(102. 110, 116) publish events and subscribers (104. 
112, 118) subscribe to events that match criteria 
defined by the subscriber (104, 112, 118). Publication 
and subscription are performed asynchronously. Pub- 
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lishers (102, 110, 116) and subsaibers (104. 112. 118) 
do not have direct knowledge of each other. The system 
(100) receives a published event from a publisher (102, 
110, 116) and routes the event to all appropriate sub- 
scribers (104. 112, 118). Each subscriber (104, 112, 
118) is guaranteed to receive all events published on 
the system (100) if, and only if, they match the subscrip- 
tion criteria specified by the subscriber. A legacy data 
base can be added to the network by way of a data base 
connector, which can be a publisher, a subscriber, or 
both. 
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Description 



Appendices 



5 Appendix A, which Is a part of this specification and is herein incorporated by reference, contains a summary of 

exemplary system events that can be passed between hubs In a preferred embodiment of the present 

Background of the Invention 

10 This application relates to an information publishing system and, more particularly, to a method and apparatus for 
connecting a legacy data base to an information publishing system. 

Certain conventional systems use a "transactional" model for exchanging information between nodes of data 
processing system. In a conventional transactional model, two applications initiate a synchronous "transaction" that Is 
maintained for as long as information Is being exchanged between the nodes. The transactional model requires that a 

15 transaction be defined for each business activity. When nodes on widely disparate portions of a network attempt to com- 
municate via the transaction model, it is often difficult to define a transaction that works well on all parts of the system. 
Moreover, a transaction can only Involve the nodes that began the transaction. Another node cannot join the transaction 
In the middle. This scheme is unsuited for a system in which nodes do not know about all other nodes in the system. 
Many commercial enterprises still use software that was developed long ago and is no longer supported by its man- 

20 ufacturer. Such software Is called "legacy software." In addition, many commercial enterprises use commercial software 
products. It is not always possible or desirable to modify existing commercial software and legacy software to operate 
with a new networked system. The commercial software and legacy software may be very complex, making it difficult 
and expensive to modify. A company may be wary of making modifications to a stable system that is working consist- 
ently Moreover, there may not be any computer programmers at a company who understand the legacy system in 

25 enough detail that they can make modifications to it. Lastly, a company may not have the source code for a legacy appli- 
cation if it purchased the application from a commerdat vendor. A company also may not have a legal right to modify 
commercial data base software. What Is needed is a way to integrate commercial and legacy data base software into a 
networked system without having to modify the data base software Itself. 

30 Summary of the Invention 

The present Invention overcomes the problems and disadvantages of the prior art by providing a "data base con- 
nector" element that can act as either a publisher or a subscriber in the network. 

The present Invention is implemented as a type of "middleware." Middleware is software that is located between an 

35 application program and a control-level program. Middleware Is "network centric" and does not concentrate on a spe- 
cific user interface or on the organization of a specific database. The described embodiment Includes a plurality of "pub- 
lisher" entities, who publish information, and a plurality of "subscriber" entities, who request and use the information. 
Publishers and subscribers are connected to each other through a network. The network is a "store and fonward" net- 
work whose routing is "content-based." In a content-based routing system. Information is routed based on the content 

40 Of the information, and not on the addresses of publishers or subscribers in the system. In the described embodiment, 
information Is distributed to many subscribers in parallel. 

In the described embodiment, the basic quanta of information is called an "event." Publishers publish events and 
subscribers subscribe to events that match criteria defined by the subscriber. In the described embodiment, events are 
represented by data structures In the C programming language, although any appropriate representation can be used. 

45 Publication and subscription are performed asynchronously Publishers and subscribers do not have direct knowl- 
edge of each other. The system receives published event from a publisher and routes the event to all appropriate sub- 
scribers. Each subscriber is guaranteed to receive all events published on the system if, and only if, they match the 
subscription criteria specified by the subscriber. 

The described embodiment Includes an Application Programming Interface (API) for publishers and for subscrib- 

50 ers. The API defines a plurality of procedures that allow respective publishers and subscribers to interface to the sys- 
tem. Thus, various types of publishers and subscribers can be connected to the system, as long as they use the 
interface procedures defined In accordance with the API. The described embodiment also Includes support for a plural- 
ity of software elements such as common databases, Installation and administration tools, and logging facilities. Thus, 
the described embodiment Is termed an "enterprise system" because it can be used throughout the entirely of a com- 

55 merclal enterprise. 

The described embodiment of the present invention makes It easy to integrate legacy systems, legacy applications, 
and legacy hardware Into the system and attempts to minimize the amount of information that a user must learn to use 
the system. Because communication within the system Is based on asynchronous "events." the present Invention can 
be Implemented on a heterogeneous network that Includes both PCs and mainframes executing under various operat- 
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ing systems and running various types of applications. The described embodiment utilizes a distributed-olDject environ- 
ment and a prefen-ed embodiment of the present invention implements the Common Object Request Broker (CORBA) 
standard. 

In accordance with the purpose of the invention, as embodied and broadly described herein, the invention relates 
5 to a method of connecting a data base to a publisher/subscriber network, so that the data base can publish events to 
the network, the method comprising the steps, performed by the data processing system, of: providing a link so that the 
data base can communicate with a data base connector computer program by way of a transaction monitor computer 
program; setting up the data base connector as a publisher hub in the network; receiving input, by the data base, from 
a user that alters data in the data base; informing the transaction monitor that the data has been altered: receiving input 
10 from the user indicating that the altered data should be committed: informing the transaction monitor that the altered 
data is committed; and sending, by the data base connector, in accordance with a message from the transaction mon- 
itor that the data is committed, a published event to the network in accordance with the altered data. ' 

Objects and advantages of the invention will be set forth in part in the description which follows and in part will be 
obvious from the description or may be learned by practice of the invention. The objects and advantages of the inven- 
75 tion will be realized and attained by means of the elements and combinations particularly pointed out in the appended 
claims and equivalents. 

Brief Description of the Drawings 

20 The accompanying drawings, which are incorporated in and constitute a part of this specification, illustrate several 
embodiments of the invention and, together with the description, serve to explain the principles of the invention- 
Fig. 1 is a block diagram of a networked computer system in accordance with a preferred embodiment of the 
present invention. 

Fig, 2 is a flow chart showing steps performed to install an application, such as a publisher, on a hub of Fig. 1 . 
25 Fig. 3 is a flow chart showing steps performed by a publisher of Hg. 1 to publish events. 

Fig. 4 is a flow chart showing steps performed by a subscriber of Fig. 1 to subscribe to events. 
Fig. 5 is a block diagram showing details of a hub of Rg. 1 . 

Fig. 6(a) is a diagram showing data structures stored in a memory of the hub of Fig. 5. 
Fig. 6(b) is a listing of details of the data structures of Fig. 6(a). 
30 Fig. 7 is a diagram of additional data structures stored in the memory of the hub of Fig. 5 for the purpose of storing 
information about clients of the hub. 

Fig. 8 shows a format of an envelope data structure of an event. 
Fig. 9 shows a format of a routing block of an event. 

Fig. 10 is a flow chart showing details of steps performed by the hubs of Fig. 1 to populate the data structures of 
35 Fig. 6(a). 

Fig. 1 1 is a diagram showing examples of the data structures of Fig. 6(a) populated with data. 
Fig. 12 is a flow chart showing details of steps performed by the hubs of Fig. 1 to send published events to sub- 
scribers. 

Fig. 13 is a block diagram of a data base application incorporated into the network of Fig. 1 . 
40 Fig. 14 is a flow chart showing steps performed when the data base is a subscriber. 
Fig. 15 is a flow chart showing steps performed when the data base is a publisher 

Detailed Description of the Preferred Embodiments 

45 Reference will now be made in detail to the preferred embodiments of the invention, examples of which are illus- 

trated in the accompanying drawings. Wherever possible, the same reference numbers will be used throughout the 
drawings to refer to the same or tike parts. 

I. Overview 

so 

Fig. 1 is a block diagram of a networked computer system 1 00 in accordance with a preferred ernt>odiment of the 
present invention. Networked computer system 100 includes a plurality of publishers 102, 1 10, and 1 16 and a plurality 
of subscribers 104. 1 12, and 118. Publisher 102 and subscriber 104 are connected to a network 120 through a hub 106. 
Publisher 1 10 and subscriber 1 12 are connected to network 120 through a hub 108. Publisher 1 16 and subscriber 118 
55 are connected to network 120 through a hub 1 14. Hub 106 and its connected piiDlishers and subsaibers are in a first 
ten-itory 130. Hubs 108 and 114 and their connected put>lishers and subscribers are in a second temtory 140. Other 
ten-rtories (not shown) also exist in network 120. "Hubs," "publishers." "subscribers." and "territories" are discussed 
below in turn. 

As indicated by dotted lines in Fig. 1. each publisher, subscriber, and hub can be located in separate computers 
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(102. 104, and 106). in the same computer (108. 110. and 1 12) or in some corinbination of separate computers and the 
same corrputer (114, 116. and 118). Hubs can have zero or more publishers and zero or more subscribers. Hubs can 
also be directiy connected to other hubs. 

It will be understood by persons of ordinary skill in the art that each connputer (represented in Fig. 1 by dotted lines) 

5 Includes a CPU. a memory, and input/output lines. These elements are not shown in the figure for the sake of clarity of 
example. Each computer can also include numerous other elements, such as disk drives, keyboards, display devices, 
network connections, additional memory, additional CPUs. etc. The publishers, subscribers, and hubs preferably are, 
implemented as software instructions stored in a memory and executed by a processor of a computer system. Usually, 
the publisher. sut>scriber, and hub software is executed by a processor of the computer in which the software is stored, 

w although a processor of another computer system could also execute the software. 

A preferred embodiment of the invention runs under the Solaris operating system. Version 2.4. Solaris is a trade- 
mark of a registered trademark of Sun Microsystems. Inc. in the United States and other countries and is based on the 
Unix operating system. Unix is a registered trademark in the United States and other countries, exclusively licensed 
through X/OPEN. Ltd. Networked computer system 100 uses a network communication protocol, such as TCP/IP. 

15 although any appropriate protocol can be used to Implement the present invention 

In the described embodiment, a "publisher" publishes events of certain types on the network 120 and a "subscriber" 
subscribes to events of certain types. The publisher and subscriber operate asynchronously and are unaware of each 
other's existence. Use of a "publish and subscribe" model insulates applications from the network and from each other. 
Publishing can be thought of as broadcasting an event. The event type is analogous to a radio station. Applications 

20 interested in a particular station subscribe (or tune in to) a specific event type. Just as in radio broadcasting, where all 
parties involved must agree in advance on a set of possible frequencies, applications in the described embodiment 
must agree in advance on a predetermined set of event types. 

The described embodiment of the present invention uses "subscription by content." Subscribers specify what they 
want based on an event type and on the content of the event. The described embodiment makes use of "store and for- 

?5 ward" techniques for events. This term means that the system buffers event, so that, even If a publisher is off-line, a sub- 
scriber can still retrieve events. Similarly, a publisher can publish events even if a subscriber is off-line. 

The described embodiment Is managed in units of hubs. A hub. such as hub 106. is a local connection point for a 
publisher and/or a subscriber. Both publishers and subscribers are called "clients" of hubs. A publisher uses an "adver- 
tisement" to tell the system what types of events it intends to publish and how it intends to publish them (e.g., daily, as 

30 each event trigger occurs, etc). Advertisements are registered with the hub connected to the publisher during the instal- 
lation of the publisher. An advertisement must have a unique name. In addition to containing a name of an event type 
to be published, an advertisement contains other information about the publisher. This Information can Include the pri- 
ority level for the published events, for how long the events are valid, etc. Hubs transmit advertisements to all potential 
subscribers- Hubs transmit published events to all subscribers who have subscribed to events of that type, whose con- 

35 tent matches the siiDscriber's subscription. 

II. Publishers and Subscribers 

The following paragraphs describe the steps required to create an application (either a publisher or a subscriber) 

40 and to install it on a hub. The following paragraphs further describe the steps performed by an example publisher to 
publish events and by an example subscriber to subscribe to events. The described embodiment allows a programmer 
to write software for applications (publishers and subscribers) in a high level language and to interface with the hub 
using routines defined in an API and using event manipulation routines generated for each user-defined event type. 
Fig. 2 is a flow chart showing steps performed to install an application, e.g., a publisher, on a hub. Fig. 3 is a flow 

45 chart showing steps performed by an installed publisher to publish an event. Fig. 4 is a flow chart showing steps per- 
formed by a subscriber of Fig. 1 to subscribe to events of a certain type and content. As discussed above, both publish- 
ers and subscribers preferably are implemented as software programs executed by a processor. 

The described embodiment is centered around the sending (publication) and receiving (subscribing) of events. 
Before a publisher can publish events, the publisher must define and advertise the events that it will publish. In order for 

50 the events to make sense, publishers and subscribers need to understand each other. For this reason, the described 
embodiment uses a standard specification language to define events. In st^ 202 of Fig. 2, the publisher defines one 
or more events that can be published by that publisher. The described embodiment of the described embodiment allows 
definition of events using an Industry standard Interface Definition Language (IDL). IDL is a standard interface propa- 
gated by the Object Management Group (OMG), although any applicable syntax for describing the structure of the 

55 event could be used in conjunction with the described embodiment. In Step 204. the OMG IDL definitions of the events 
are translated Into data structures in the C programming language. 

Assume, for example, that an application publishes "SalesOrder" events. Before the application could be added to 
the system, and assuming that no other applications dealing with SalesOrder events already existed, a programmer 
would define a "SalesOrder" event using OMG IDL as follows: 
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//filename: order.ddl 

5 interface SalesOrder { 

struct Address { 

string street; 
string city; 
string state; 
unsigned long zip; 

}; 

attribute string customer_narae; 
attribute Address customer_address; 

}; 

20 

The above syntax defines an event as an "interface" and defines the data members in the event as "attributes.*" 
After one or more events have been defined, the events are translated into structure definitions of the C program- 
ming language. Preferably, this translation is performed by an OMG IDL compiler, which generates a header file and a 
25 code file for each event. The generated header file contains simple C-language structures that represent the event dec- 
larations for the typed functions defined in the code file. The C structure definition generated for the above example 
event of type SalesOrder is: 

3^ typedef struct SalesOrder_Address { 

nxsString street; 
nxsString city; 
nxsString state; 
nxsULong zip; 
} SalesOrder_Address; 

typedef struct SalesOrder { 

nxsString customer_name; 

SalesOrder_address customer_address; 
} SalesOrder; 



45 A person of ordinary skill in the art will easily understand how the IDL of the example translates into the C programming 
language structure definitions shown above. 

The code file generated from the event definition contains procedures for manipulating events of the defined type 
(here, for the SalesOrder event). The procedures perform at least the following operations: 

so For use by a publisher: 

Create event of type SalesOrder, 

Publish event of type SalesOrder, 

55 

Destroy event of type SalesOrder 
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For use by a subscriber: 

Print contents of event of type SalesOrder, 
Register Subsaiption for event of type SalesOrder. 

5 

A person of ordinary skill In the art will understand that, although the above plurality of procedures is generated for 
each defined event, the operation of the procedures differ due to the differences in the structures of the event. The pro- 
cedures also differ due to the fact that the described embodiment uses typed function to prevent programming errors. 
The process of Installing a process application In a hub includes storing one or more advertisements in the hub. as 

10 shown in step 206, These advertisements define types of events that the hub knows about. An advertisement Includes 
the name of the advertisement, a description of the event that a publisher publishes (e.g., a SalesOrder event), a 
description of how the publisher publishes its events (e.g., daily, when an event trigger occurs, etc.), the name of the 
event type, the priority level of the events, and the expiration time on the events (also called "time-to- live"). Although not 
shown in the Figure, the described embodiment also allows access control permissions for the various event types to 

15 be set. 

The described embodiment also Includes predefined routines in an API. which are available to the publisher and 
subscriber software and which include routines to perform at least the following functions: 

Register a client, 
20 Reestablish a client with an existing session, 

Unregister a client, 

Registering intent to publish. 

Unregistering a publication, 

Publishing an event, 
25 Subscribing to an event. 

Reactivating an active subscription to an event, and 

Cancelling a subscription. 

Other APIs in accordance with the present invention may include somewhat different API functions. In addition, the 
30 API preferably includes a "can_subscrlbe" routine and a "can_publish" routine that return a Boolean value indicating 
whether the calling application can subscribe to or publish events of a certain type. The API also includes a 
-get_current_envelope" routine that returns information about the publisher of an event and how the event was pub- 
lished. (This routine can only be called from the call-back procedure). A call-back procedure Is called, e.g. , when a sub- 
scriber receives an event. Fig, 8 shows a format of an envelope data structure for an event, which is discussed below 
35 In connection with event routing. 

It will be understood that when the event description for a publisher or a subscriber Is initially translated into, e.g., 
C, the event header file, whose generation Is discussed above. Is Included within the application software source code. 
Thus, in the example, the publisher has access to the definition of the SalesOrder event. The translation also links the 
event manipulation routines and API routines into the application at this time. The hub, along with other hubs, transmits 
40 a notice of the advertisement existence to potential subscribers, as discussed below. 

Once a publisher is installed in a hub, It is free to publish advertisements and events. Fig. 3 Is a flow chart showing 
steps performed by a publisher of Fig. 1 during operation of the publisher. Steps involving a call to the event manipula- 
tion routines that are created by compiling the IDL are indicated by an asterisk in the Figure. 

As shown in step 302 of Fig. 3. the publisher first registers itself as a client with the hub to which it is connected. 
45 The publisher next advises the hub of which "advertisement" it wilt use when publishing. An advertisement represents 
an "Intent to publish" and tells the hub what type of event the publisher will be publishing. To advise the hub In step 302, 
the publisher tells the hub the name of an advertisement that has been previously installed in the hub (see Rg. 2). 

In step 304, the publisher waits until It is time to publish an event. Some publishers, such as in the example above, 
publish each event at the time that it occurs. Other publishers wait until a specified time, such as once a day, and publish 
50 all unpublished events at that time. For example, a first publisher may publish an event whenever a human operator 
enters a sales order into the system. A second publisher may publish the same type of event on an hourly basis. Once 
the publisher determines that an event is to be created, it calls (in step 306) one of the event manipulation routines that 
creates a C structure having the proper format for the event to be published. 

In step 308. the publisher calls one of the event manipulation routines to publish unpublished events as discussed 
55 below in more detail. In step 310, the publisher calls one of the event manipulation routines to destroy the published 
event. (In general, in the described embodiment, whatever entity is responsible for allocating an event is also responsi- 
ble for destroying that event.) 

In step 312, the publisher determines if it should cease execution. If not, control returns to step 304. If so. in step 
314, the publisher unregisters itself with the hub and ceases execution. Advertisements are kept in the hub to indicate 
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that a publisher could execute and send those events. This information is needed to build routes to subscribers, as 
described below. Although not shown in the Figure, other publishers connected to the same hub may operate asynchro- 
nously with the steps of Fig. 3. 

Subscribers subscribe to events of particular event types. Fig. 4 is a flow chart showing steps performed by a sub- 
5 scriber of Fig. 1 during operation of the subscriber. The subscriber first registers itself as a client of the hub. Then for 
each subscription, it registers a "call-back" procedure. 

As shown in step 402, the subscriber next registers itself as a client with the hub to which it is connected. The sub- 
scriber then registers a "subscription" for the event type that it wishes to receive through the hub. (The subscriber can 
look at the hub to see what types of events are advertised.) A subscription specifies a type of event, and can further 
10 specify a lilter" indicating that the subscriber wishes to receive only events of a certain type that also have certain val- 
ues in certain fields. 

In step 404, for each subscription, the publisher defines a predetermined "call-back" procedure. The call-back pro- 
cedure will be initiated by the hub whenever the hub determines that the subscriber has received an event of a certain 
type. The format of the callback may be different for each operating system on which the present invention is imple- 

15 mented and the call-back procedure can be practically any procedure that is performed when an event is received. For 
example, in step 406 of Fig. 4. the call-back procedure could print the contents of the event (using one of the event 
manipulation procedures designed to print an event of that type). Because a call-back procedure is defined for each 
subscription, a call-back procedure must be defined for each type of event to which the subscriber plans to subscribe. 
In the described embodiment, an event passed into a call-back procedure is destroyed when the call-back procedure 

20 returns. Thus, if the subscriber wants to keep any information of the event, the information should be copied out of the 
event within the call-back procedure. 

The subscriber loops until it is time to cease execution (see step 408). The call-back procedure may be activated 
zero. one. or many times during this loop, as events of the specified type and values are received by the hub. If an event 
subscribed to by the subscriber is received, the call-back procedures is executed in step 406. If. in step 408. the sub- 

25 scriber determines that it is time for it to quit, the subscriber optionally unregisters its subscription, unregisters itself with 
the hub. and ceases execution. Subscriptions can also be retained in the hub. to receive future events while discon- 
nected. The hub will queue events arriving for the subscriptions. Although not shown in the Figure, other subscribers 
connected to the same hub may perform steps asynchronously with the steps of Fig. 4. 
The following examples are written in the C programming 

30 language and show example software for a publisher and suk»scriber. 
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* publish.c 
V 

#include <nexus.h> 

#include "nxs^output/order.nxs.h" 

int mainO 
{ 

SalesOrder *event; 
nxsClientID id; 
nxsPublicationID pubjd; 



/* Register the Client and the publication */ 
nxsCreateClient ("order publisher", NULL^NULL, 0, &id); 
nxsRegisterPublication (id, "order.advertisemenf \ &pub.id); 

/* Create the event */ 

event = nxsCreate_SaIesOrderO; 

event- >customer_name = 'Jim Nexus"; 

event- >customer_address.street = "12345 Anistreet"; 

event- >customer_address.city = "Mountain View"; 

event- >custonier_address.state = "CA"; 

event->customer_address.zip = "95000"; 



/* Publish Event */ 

nxsPublish_SalesOrder (id,pub_id,event,0,0) ; 



/* Clean up V 

nxsDestroy.SalesOrder(event); 



/* Unregister the publication and client */ 
nxsUnregisterPublication (id,pub.id); 
nxsDestroyCIient (id); 
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return (O); 

} 

r 

* subscribe.c 
V 

#include <nexus.h> 

#include "nxs.output/order.nxs.h" 

/* Callback function to be called when each event is received '/ 
void event.callback ( 

nxsClientID id, 

nxsSubscriptionID subjd, 

nsxULong seq_nuni.high, 

nsxULong seq_niun_low, 

SalesOrder *the_event, 

void *client data) 

{ 

char *st; 

printf("Event receivedlXn"); 

St = nxsStringify_SalesOrder(the.event); 

printfCst); 

free(st); 

} 

int main(int argc, char **ar;gy) 
{ 

Sales Order *event, 

nxsClient ID id; 

nxsSubscriptionID subjd; 

/* Register Client and subscription */ 

/* (Only subscribe to specific ZIP codes) */ 

nxsCreateClient ("order subscriber"^LL,NULL, 0,&id); 

nxsRegisterSubscription SalesOrderCid, 

"customer_address.zip == 95000", 

e vent.callback,NULL,&sub_id) ; 
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/* Main loop */ 
nxsMainLoop(id) ; 

5 

/* Unregister subscription and client */ 
nxsUnregister Subscription (id,sub.id); 
nxsDestroyClient(id) ; 

10 

return (0); 

} 



111. Hubs 

20 Fig. S is a block diagram showing details of hub 1 06 of Fig, 1 . Hubs 1 08 and 11 4 of Fig. 1 . and indeed all other hubs 

In the described emtxxJiment, have a sinnilar structure. Hub 106 is connected to remote hubs 108 and 114 via network 
120 (or directly) and to zero or more publishers 102 and zero or more subscribers 104. Hub 106 also receives informa- 
tion 530 relating to hub administration, information 532 relating to management of its clients (publishers and subscrib- 
ers), and Information 536 relating to system event management. 

25 All input and output to and from hub 106 is queued. For example, events received by hub 106 from remote hub 108 
and from publisher 102 are stored in event priority order in respective event queues 502. 504 until hub 106 has time to 
process them. As a further example, events to be sent by hub 106 to remote hub 114 and to subscriber 104 are stored 
in event priority order in respective event queues 506. 508 in memory until hub 106 has time to serxl them. Hubs dis- 
tribute events using a f irst-in, first-out policy. This means that all events having a same priority level will be delivered by 

30 hub 1 06 in the order that they are accepted from the publisher. All events with a higher priority level are delivered earlier 
than waiting events with a lower priority level. The described embodiment guarantees to keep the ordering of like-events 
from a single publisher as the events move though the system. This is important, for example. In transaction processing 
where an order of updates must be maintained. Inter-publisher ordering is not guaranteed, since it depends on routing 
and availability issues. 

35 Fig. 5 also shows the following functional blocks inside hub 106: client management block 510, event management 
block 512. preprocessor block 514. store block 516, match block 518, and remote administration block 520. Client man- 
agement block 51 0 deals with registering and unregistering clients. Event management block 51 2 deals with managing 
system events, such as receipt of new connections, types, routings, advertisements, and subscriptions. Pre-process 
block 514 performs tasks such as adding envelope information to an event. Store block 516 is a memory of the hub. 

40 Match block 51 8 adds routing information to events, filters events in a manner described below in connection with event 
routing, and routes events to appropriate other connected hubs. Remote administration block 520 performs system 
administration tasks. 

Fig. 7 is a diagram of data structures stored in a memory 690 of hub 106 of Fig. 1 that is accessible by all the func- 
tional blocks of Fig. 5. The data structures include a table of installed advertisements 700, a table of registered clients 
45 730. a table of registered publications 760, and a table of registered subscriptions 770. Data is placed in the data struc- 
tures of Fig. 7 as the publisher and subscriber perform the various steps of Figs. 2. 3, and 4 as follows. 

Step 202 of Fig. 2 fills entries of Installed advertisements table 700. 

Steps 302 and 402 of Figs. 3 and 4 fill entries of registered clients table 730. The user name field 734 and user 
password field 736 may have a NULL value to Indicate that the current user ID should be used. Hub name 737 and ter- 
50 ritory name 740 can be set to NULL to Indicate use of a default hub and tenitory. Flags 742 Include, for example, a 
Boolean value "call-back-on-any-thread." which indicates that event call-backs come on new threads. 

Step 302 of Fig. 3 also fills entries of registered publications table 760. 

Advertisement name 764 is fhe name of an advertisement that has been installed in the hub. Step 404 of Fig. 4 also 
fills entries of registered subscriptions table 770. Content filters 774 are discussed below. A name of a callback proce- 
55 dure is kept locally in tiie subscriber (by the C API). The API finds the callback from the subscription ID. A client data 
field, which is also kept by the API. allows information associated with the subscription to be passed back with each 
event callback. The information that is passed back has meaning to the subscribing application. 

The following paragraphs describe the various types of content fitters that can be specified by a subsalber when it 
registers a siiiscfiption. As shown in tiie above example, subscribers can request that tiie hub filter the incoming flow 
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of events and only pass events to the subscribers that match certain criteria. A filter preferably is specrf ied as a expres- 
sion string sent by the subscriber as a parameter to the routine for registering subscriptions. The expression string syn- 
tax for a content filter in the described embodiment Is as follows. (Of course, any appropriate syntax could be used): 



5 . 





symbol meaning 


types allowed for 






equal to 


all basic types 






not equal to 


all basic types 


10 


> 


greater than 


numeric and string types 




>=, <= 


greater than or equal 


numeric and string types 




and 


logical AND 


expressions or Booleans 


15 


or 


logical OR 


expressions or Booleans 




not 


logical NOT 


expressions or Booleans 



20 Event attribute names are used to denote which field in the event should be compared. Sub-fields (those inside 
structures) are specified using dot notation. Names can also be enumerated types, as is known to persons familiar with 
the C programming language. Once a content filter has been specified, it is used during event routing as described 
below in connection with Figs. 8-12. Information describing each content filter for a subscription is stored in field 774 of 
Fig. 7. 

25 Fig. 6(a) is a diagram showing data structures stored in a memory 690 of hub 106 of Fig. 5. All hubs contain similar 
data structures. The described implementation uses a distributed objects model, but any appropriate organizational 
structure could be used. Details of the data structures of Fig. 6(a) are listed in Fig. 6(b). Ideally, the data structures of 
Fig. 6(a) describe all advertisements in the system and indicates a neighbor hub to which the current hub should send 
events of certain types. Figs. 1 0 and 12. respectively, describe the steps to populate the data structures of Fig. 6(a) and 

30 to use to the data structures of Fig. 6(a) to route events among the hubs. Fig. 1 1 shows an example of the data struc- 
tures populated with data. 

Hub 106 (the "current hub") includes data objects representing: each client of the current hub that is a subscriber 
(indicated by "Client" 684 and "S" 695) and each neighboring hub connected to the current hub ("Neighbor A" 696 and 
"Neighbor B" 697). The current hub keeps track of the subscription objects of its neighbor hubs. Subscription objects 

35 "S" 650 represent all subscribers that can be reached through the respective neighbors. Each neighbor object has two 
associated cost values: "mycost" and "theircost". "Mycost" represents a cost of sending information from the current 
hub to the neighbor. "Theircost" represents a cost of sending information from the neighbor to the current hub. Their- 
cost" used to define a route, as described below. The subscribing hub will ask the "publishing" hub with the lowest "their- 
cost" to forward the events. "Mycost" preferably is only used to inform the neighbors of how much it would cost to the 

40 current hub to send information through that link. A "cost" may be figured in a number of ways. For example, a cost may 
represent a financial cost, a cost in units of time, a cost as a measure of convenience, or any other appropriate cost. 

Hub 106 contains a ("RemoteAd") object for each advertisement that has been registered in the system (i.e.. for 
each Intent to publish, step 202 of Fig. 2). Each RemoteAd object points to one or more "AdSource" objects, each of 
which represents a path between the current hub and the hub on which the publisher of the ad resides. Each AdSource 

45 object stores a cost associated with its path to the original publisher of the ad. Thus, the "cost" value for each AdSource 
contains the total cost for sending an event from its source to the neighbor of the current hub or, alternately, to the cur- 
rent hub. 

Each AdSource object has an associated list of "sink objects." (SinkCa and sinkNb preferably are located in a sin- 
gle list, although not shown that way in the Figure.) Each sink object has an associated list of subscriptions. For exam- 
50 pie, SinkCa has a list 505 of ail subscriptions of Client 694 that matched to the advertisement of RemoteAd 510. 
Similarly, SinkNb has a list 51 5 of all subscriptions of Neighbor B (and of all subscriptions that can be reached through 
Neighbor B) that have matched the advertisement of RemoteAd 510. 

Each neighbor object also has an associated AdSourceRef list that points to AdSources for all paths between a 
publisher and the neighbor. The paths are used for routing system events between hubs, as described below. 

55 

IV. Event Routing Between Hubs 

Fig. 10 is a flow chart showing details of steps performed by hubs 106, 108. and 1 14 of Fig. 1 to populate the data 
structures of Rg. 6(a). These steps are performed, for example, when the network is first initialized. Subsequently, var- 
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ious hubs may issue "system events" to tell other hubs that changes have occurred in hub connections, event types, 
advertisements, routings, subscriptions, etc. Appendix A, which is a part of this spedllcation and is herein incorporated 
by reference, contains a summary of exemplary system events that can be passed between hubs in the described 
embodiment. 

5 In Fig. 1 0. the name of the system event of Appendix A that affects a step in the flow chart is shown next to the step. 

In step 1002. hubs send system events to each other to define the physical connections between hubs in the network. 

Each hub creates neighbor objects representing physical connections to its neighbor hubs (see Fig. 6(a)). In step 1 004, 

the hubs send system events to each other to define the types of events for which advertisements can be published. 

Each hub makes sure it knows all the events. This step is performed when adding a hub to a territory In step 1 006. hubs 
10 that are connected to a publisher send system events to other hubs, which are fonvarded among the hubs, to distribute 

advertisements among the hub. For example, the system event 

NXS_SYS_EVENT„CREATE_NEW_ADVERTISEMENT of Appendix A causes the creation of RemoteAd objects in the 

hubs (see Fig. 6(a)). 

In step 1 008. hubs that are connected to a publisher send system events to other hubs. The system events are for- 

15 warded among the hubs to determine routes from the publisher's hub to other hubs. (The system event 
NXS_SYS_EVENT_NEW_ROUTES causes the creation of AdSource objects in the hubs (see Fig. 6(a)). To register 
the existence of a route, an initial hub sends a system event to its neightors. containing an advertisement name/ID, its 
(the publishing hub's) name and territory and a cost associated with sending an event from the publishing hub to the 
current hub. In the described Implementation, the cost Is initially set to zero. Each neighbor hub repeats this process. 

20 adding the cost of the connection over which that hub received the event. In each hub. if this is the first route to the hub. 
then the local clients are checked for subscription matches (This action may result in a NEW_SUBSCRIPTION system 
event to the sender of NEW_ROUTES). Each route is considered separately for forwarding. The route is not forwarded 
to the hub from which it was received, to the originating hub. or to a hub that has already seen the event (determined 
from the routing list, as discussed below). The route is only forwarded to other hubs if it is the first route for the 

25 RemoteAd or if it is the second route and the destination hub is the current route provider. 

In step 1010. hubs connected to a subscriber send system events to other hubs to register a subscription against 
an advertisement known about by the other hubs. (The system event NXS_SYS_EVENT__NEW_SUBSCRIPTIONS 
sends subscriptions to other hubs, see Fig. 6(a)). A hub receiving the system event creates a subscription object (see 
Fig. 6(a)) and tells the RemoteAd about it. An AdSource having a least-cost path is called the current AdSource. The 

30 RemoteAd tells the current AdSource. which creates a sink and a subscription object of the Neighbor object (if a sink 
and a subscription object do not exist). The sink then adds a Subscription Ref entry (e.g.. 505, 512) for the subscription 
object. If the advertisement was received from another hub. the current hub fonwards a system event for the new sub- 
scription to the neighbor that is a part of the current least-cost route. 

This fonwarding of subscriptions to other hubs is an important aspect of the present invention. It essentially creates 

35 a chain of subscriptions from a hub of a subscriber back to the hub of the publisher. This chain follows the least-cost 
route between the publisher and the subscriber. 

Fig. 1 1 shows an example of the creation of a chain of subscriptions from a hub of a subscriber to a hub of a pub- 
lisher. Fig. 1 1 shows five hubs A, B. C, D, and E. Hub A has a connected publisher R Hub C has a connected subscriber 
S. In the example, each connection has a cost of "r. Thus, for example, there is a route of total cost = 2 between hub 

40 A and C and a route of total cost = 3 between hub A and C. 

Fig. 1 1 shows the status of the hubs after step 1010 of Rg. 10. Connections, event types, and routes have been 
distributed among the hubs and the RemoteAd. AdSource. Neighbor, and AdSourceRef objects have been created in 
each hub. 

In the example, subscriber S registers a subscription on hub C. (Hub C had previously created a subscription object 
45 11 02 when S registered itself as a client, indicating that the subscriber S is a client of hub C). Hub C then routes a "new 
subscription system event" (a "subscription") to a neighbor hub that is on a least-cost path to the publisher of the adver- 
tisement for the event. In the example, hub C will route the subscription to hub B. since the cost from hub B to the pub- 
lisher hub A is "1". When hub B receives the subscription, it adds a subscription object 1 104 connected to a neighbor 
object for hub C, Indicating that the subscriber can be reached through hub C. 
so Hub B then routes a subscription to a neighbor hub that is on a least-cost path to the publisher of the advertisement 
for the event. In the example, hub B will route the subscription to hub A. since the cost from hi±> A to itself is "0". When 
hub A receives the subscription, it creates a subscription object 1 106 connected to a neighbor object for hub B, irxiicat- 
ing that the subscriber can be reached through hub B. Hub A does not route the subscription further, since it is the orig- 
inating hub for the advertisement that is being subscribed to. 
55 Once the data structures of Fig. 1 1 have been established, an event published by publisher P will be sent hub-to- 
hub along the path defined by the subscription objects 1 106. 1 104. and 1 102 until it reaches subscriber S. 

Fig. 12 is a flow chart showing details of steps performed by the hubs of Fig, 1 to send published events to sub- 
scribers by routing the events through the hubs of the system. The steps of Fig. 12 are performed by 1) a hub that 
receives an event from its connected publisher (step 1202) or 2) a hub that receives an event from a neighboring hub 
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(step 1203). The steps of Fig. 12 are performed by various hubs as each event is routed through the system. In the fol- 
lowing paragraphs, the hub performing the steps of Rg. 12 is termed the "current hub." 

If the current hub receives an event from one of its connected publishers (step 1202), the preprocessor 514 of the 
current hub initially adds an "envelope" to the event (step 1204). A format of an event envelope is described below In 

5 connection with Fig. 8. Preprocessor 514 then determines in step 1 204 whether the event type of the event is registered 
in the hub. If not, the publisher cannot publish the event. If so, in step 1206, the hub places the event in the hub's incom- 
ing event queue for further processing. In the described embodiment, the event queue discards duplicate events (as 
determined by a sequence number or time stamp of the event envelope). 

If the current hub receives the event from a neighboring hub (step 1203), the neighboring hub places the event in 

10 the incoming event queue of the current hub. 

In step 1208, filter 518 of the current hub gets the event from the current hub s incoming event queue. Filter 518 
then increments the time-spent field of the envelope, which indicates an amount of time spent in queue. In step 1210, 
filter 518 adds a routing block to the event. Each hub that routes the event adds another routing block to the event. A 
format of two routing blocks is shown in Fig. 9. 

15 In step 1212, the current hub locates a "current" AdSource object that represents all the subscribers which are 
interested in the event coming from that particular AdSource. This will usually represent a least a cost path between the 
current hub and the subscribers, (note that the described embodiment does not reroute once an AdSource data struc- 
ture is established. The AdSource object is located by either searching all RemoteAds for the current hub (if the event 
came from a publisher attached to the current hub) or from searching the AdSource Ref list for the neighboring hub (if 

20 the event came from a neighboring hub). Steps 1216-1222 send the event to one or more subscribers. Steps 1216- 
1222 are performed for each sink object attached to the AdSource. Thus, steps 1216-1222 are performed for each sub- 
scriber that has asked to receive events of the type being routed. 

If, in step 1216, the time-to-live for the event is less than the time-spent field of the envelope, then the event has 
expired and is not routed further by the current hub (step 1218). Otherwise, in step 1220. filter 518 determines whether 

25 the event has contents that fall within parameters specified by the subscriber. The subscriber specified the content filter 
at the time it subscribed to the event type (see field 774 of Fig. 7). For example, a subscriber may have requested to 
receive only those SalesEvents having where the customer lives in Los Angeles. If the event has values in the range 
specified by the subscriber, then the event is sent to the subscriber in step 1222 (either directly or by way of Its hub. as 
described below). Each subscriber may have specrf led a different content filter (or no content filter). For example, a first 

30 subscriber may have specified that it wishes to receive SalesEvents where the customer lives in Los Angeles and a sec- 
ond subscriber may have specified that it wishes to receive SalesEvents where the customer lives in San Francisco. In 
this example, it is possible that the event will match the first subscriber but not the second subscriber. 

In step 1222, f ilter 518 sends the event to the matching subscriber. The subscriber may be a client of the current 
hub, in which case the event is sent directly to the subscriber. Alternately, the subscriber may be connected to a neigh- 

35 boring hub, either directly or indirectly If a matching subscriber is connected to a neighboring hub, the current hub will 
route the event to the neighboring hub (unless the neighboring hub is the hub originating the event, as determined from 
field 802 of the envelope, see Fig. 8). The current hub also will not route the event to a hub that has already seen the 
event (as determined from the routing blocks attached to the event, see Fig. 9). 

In the described embodiment, the current hub only routes the event to a neighboring hub a single time, even if the 

40 neighboring hub has more than one matching subscription. Thus, if subscription object 651 of Fig. 6(a) matches the 
event, the event is forwarded to neighboring hub B. If subscription object 652 also matches the event, it is not necessary 
to fonward the event to the neighboring hub B a second time. When neighboring hub B receives the event, it also will 
perform the steps of Fig. 12 to determine whether any of its client subscribers match the event. 

Fig. 8 shows a format of an envelope data structure of an event. The preprocessor of Fig. 5 adds an envelope to 

45 an event received from its subscriber before the event is published. An envelope is associated with each event and 
includes an origin hub 802, an adname 804. a publisher name 806, a territory name 808, an initial time stamp 810. a 
time to live 812, a priority 814, flags 816, and a time spent field 822. Rags 816 are unused in the described embodi- 
ment. In an alternate embodiment, the flags may indicate, e.g., whether an event is "persistent" or "transient* 

Fig. 9 shows an example format of two routing blocks of an event. Each hub adds a routing block to an event that 

50 it routes through itself. The API also includes a get_current_routeJnfo routine that returns information about the actual 
route that an event took to reach a certain subscriber. Routing information is stored by the system as linked list, one 
entry for each hub visited. Each entry includes: an outgoing time stamp for the current hub. a hub name of the current 
hub. and a territory name of the current hub. The routing information optionally includes a sixty-four bit sequence 
number initially assigned to the event by the publisher. 



Each tenitory 130 and 140 of Fig. 1 is a collection of hubs with a common event dictionary. Territories reflect organ- 
ization, and are not necessarily tied to geography or direct physical connectivity. In the described embodiment, all hubs 
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within a territory must he fully connected, because advertisement information is not forwarded across territories. Thus, 
there is always some path, although it may be indirect, between two hubs within a territory without having to leave the 
territory. In a preferred embodiment, hierarchies of territories exist in which lower level territories inherit the event dic- 
tionaries of their parent territory. For example, a corporation may choose to have a territory for each subsidiary with all 

5 of them understanding certain "corporate events." 

A hub preferably may belong to only one territory. When a client (a publisher or a subscriber) connects to a hub, it 
specifies to which territory or territories it belongs. A client must belong to a territory because the meaning of an event, 
for example a SalesOrder, may be different in different territories. In the described embodiment, each hub has a prede- 
termined default territory that is used if the application developer does not specify a territory. 

10 In an alternate embodiment, multi-territorial huts are especially useful for inter-company communication. Two com- 
panies that decide to communicate using the described embodiment of the present invention may set up a joint territory, 
agreeing upon some event types and a format to be shared. The hubs connecting the two companies will only fonward 
events of this joint territory, since the territory Information is kept as part of the advertisement, as described below in 
connection with event routing. 

15 

VI. Database Connectivity 

Fig. 13 is a block diagram of a data base application 1302 incorporated into the network 120 of Fig. 1. Datat)ase 
application 1302. which includes a database library having interface routines 1304. allows users to access information 
20 in data base 1308. Data base 1308 can be a data base manufactured by. for example. Oracle. Sybase, or Informix. The 
invention can be implemented using any appropriate data base that is capable of operating in conjunction with a trans- 
action monitor 

Fig. 13 also includes a transaction monitor 1306. Transaction monitor 1306 preferably is the Endna transaction 
monitor, manufactured by Transarc Corporation. It can also be. for example, the Tuxedo transaction monitor manufac- 

25 tured by Novell. Alternately, any appropriate transaction monitor can be used to implement the present invention. A data 
base connecter 1310 having a data base library 1304 connects to network 120 to transmit and receive data from net- 
work 120. Data base connecter 1310 may include software performing hub functions or may connect to a separate hub. 
In Fig. 13. data base application 1302 sends information to data base 1308. Data base application 1302 also requests 
information from data base 1308 and displays that information in human readable form. 

30 Data base connector 1310 can he a publisher, a subscriber, or both. If data base connector 1310 is a publisher, for 
example, it may publish an event each time a value is changed in data base 1302. It could also, for example, publish 
events at regular time intervals, reflecting the data that has been updated in the data base since the last publication. If 
data base 1302 is a subscriber, it stores the information of events it receives in data base 1302. The described embod- 
iment includes a configuration file (not shown) for data base connecter 1310. The configuration file specifies, for exam- 

35 pie. whether the database connection will be a publisher, a subscriber, or both. The configuration file also includes, for 
example, a description of events to publish and/or subscribe to. The configuration file also specifies information con- 
cerning the layout of data base 1308. 

Fig. 14 is a flow chart 1400 showing steps performed when the data base is a subscriber. For example, as events 
are received from network 120. data from the events are added to data base 1302. Flow chart 1400 assumes that data 

40 base connector 1310 has already registered itself and its subscription(s), as described above. When an event is 
received by data base connector 1 3 1 0 in step 1 402, the data base connector maps and stores the data in the event into 
data base 1306. The data is not "committed" to the data base until the data has been completely stored in the data 
base. "Commitment" means that the data is actually entered in the data base. Until the changes to the data is commit- 
ted, they are kept in a temporary storage location. Thus, uncommitted data base can be ^'rolled back" and the data 

45 transaction cancelled at any time up until the "commit" operation is performed. During a "roll back" the changes in the 
data in the temporary storage are discarded and the data base is retained in its state before the changes were made. 
Under certain circumstances data base connector 1310 will not issue a "commit" command until a certain event is 
received. 

Fig. 1 5 is a flow chart 1 500 showing steps performed when the data base is a publisher. For example, as a human 
50 user adds, deletes and modifies data in the data base 1 302, data connector 1310 sends periodic events to network 1 20. 
In step 1 502. the transaction monitor 1 306 is informed that data base connector 1 31 0 is a "node." The exact manner in 
which this step is performed will vary, depending on the manufacturer of the transaction monitor 1306. but the step gen- 
erally is well-known to persons of ordinary skill in that art. In step 1504, the data base connector 1310 registers itself 
and its advertisement(s), as described above. 
55 Steps 1506-1512 show steps performed, e.g.. as the user makes changes to data base 1308. When a data base 
transaction begins in step 1506. data base 1308 informs transaction monitor that a transaction has begun, using, e.g.. 
X/Open*s XA protocol. Transaction monitor 1306 informs data base connector 1310 that a transaction is occumng, and 
data base connector 1310 notes the transaction. In step 1 508, changes are made to the data base by the user, but the 
user has not committed the changes). 
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If. in step 1507, the user (or software making changes) indicates that the transaction should commit, this fact is 
communicated to transaction monitor 1306 in step 1510. Transaction monitor 1306 informs data base connector 1310. 
which pulls the committed data from data base 1308 and publishes an event including the committed data. Events are 
published as shown in Fig, 12. If, in step 1512 the user (or software making changes) indicates that the transaction 

5 should roll bacK this fact is communicated to transaction monitor 1306. Transaction monitor 1306 informs data base 
connector 1310. which "forgets" about the changes of step 1506 and does not publish an event. Thus, the described 
embodiment takes into account the commitment and roll back operations common to commercial data base operation. 

In an alternate embodiment, where the data base product 1302 used does not include a transaction monitor, data 
base connector 1310 can act as a transaction monitor when connecting with data base 1308. Data base connector 

10 1310 still acts as a publisher and/or subscriber in this configuration. Data base 1308 thinks that it is connected to a 
transaction monitor, when it is really connected to data base connector 1310. 

VII. Summary 

15 In summary a preferred embodiment of the present invention includes a plurality of "publisher" entities, who publish 
information, and a plurality of **subscriber" entities, who request and use the information. Publishers and subscribers 
are connected to each other through a network. The network is a "store and forward" network whose routing is "content- 
based." 

In the described embodiment of the present invention, the basic quanta of information is called an "event" Publish- 
20 ers publish events and subscribers subscribe to events that match criteria defined by the subscriber. Publication and 
subscription are performed asynchronously. Publishers and subscribers do not have direct knowledge of each other. 
The system receives published event from a publisher and routes the event to all appropriate subscribers. Each sub- 
scriber is guaranteed to receive all events published on the system if, and only if, they match the subscription criteria 
specified by the subscriber. 

25 The described embodiment of the present invention makes it easy to integrate legacy systems, legacy applications, 
and legacy hardware into the system and attempts to minimize the amount of Information that a user must learn to use 
the system. A legacy data base can be added to the network by way of a data base connector, which can be a publisher, 
a subscriber, or both. 

Other embodiments will be apparent to those skilled in the art from consideration of the specification and practice 
30 of the invention disclosed herein. It is intended that the specification and examples be considered as exemplary only, 
with a true scope of the invention being indicated by the following claims. 
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ukxig an unsigned 32-bit vahie 
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• TTMSystMn Everts 



Objcd tdsiaxxs m cnnsfextd in saingi£ed fonn. 

Sysscni events are used for severtl styles of rrgnmnnir . «rion Durizxg cooDectioa 
cst&bluhmeiLL. syixem cvcots m csed ts pecr-to^peer mesugea. These evens sre noc 
seen by od^r hnb&. Most odtf events affect the state cf the trrriTrr y cod may be 
fcrwardcd tfaroughoui the tcmiary gnph. A ferv evmn tnay be sent from a hnb to itself. 

NXS_SYS_EVEKT_CONNECT_HUB 

/^•ccisig/ Snndl ng ttub nascM 

/string/ Sftndl ng hub territory 

string' Sending hub inoooLing EventQueue: : PuahConaxaaer 

ulotxg F^aceivinq hub' s ooat 

ulong Sending hub' a coat 

This even: is seal as a remit of a call lo N cTmA d mTn-HnhAftniin- .oGD nHriHuh . The 
q^ing hub has already czeaied dK Neighbor and EvcoiQueoe for die rnmirvrinn The 
receiving hnb does Likewise when it receives d» sysaem cvenL ^kXB diit dse tmdTng 
hob already has die iimming EveniQueiie:*PashCaosxmer of the leceiving viA m 
trgauxm to M«-^rTT< Aj4Tnm-gnKA.rfmm"fTiii«it jniih £f lins b dK &rsi coonecxioa for 
the reccTving hub (it b jaaxmg a leauory), then it tmds to get (fae letxitary's shared data 
(event types. e«c). System events are osnd to reqaest diis in£annatian &am the wikfing 
hnb: NXS SYS_EVENT.RHJUEST^EVENTnTES. aol 

NXS_SYS_^VEKrj^HHJESTja5VEi(JlSEMI^fI^ If die hnb is abeady a 
rr^mh^ o£ ibc te trituTy. tt sends its rontrn .to the sender with 
NX5_SYS_EVENT_NEWJWXJTES. The reoexvmg nub always r eque sq rooss from 
dv: wW widi NXS.SY5.EVE^^' J^JEQUEST^JUDUIHS. If die cmmim cxnooc 
be cTf atwt, for exaiiipie tfac lenitary nany ts wrong, the receiver sexid i a 
NXS_SYS_EVENT_CX»<NBCrjvULED. 

KXS_SYS_EVEKT_COeiBCT.FAHJED 

/string/ Sending hub nam* 

/string/ Sonrtlng hub territory 

/string/ to«aoo for conn«ctlon faj.lxire 

^v^-wy when ^«» i n^ d on y t ta b*^* ^ "*^"^ failed. Ocan up data mA^ini iTts^ 

NXS_S Y5_EVEHT_WSCONr«:T_HUB 

/string/ Sanding hub nasn (or neighbor name) 

/atring/ S«iKilng hub tezxltory 

. This system event can be sem to self or to another hnb. Sent to self as a icsnlt of caQ 10 
*^f *-^*tT ff ^^""ffr r b /^^^nrw^dHr'^Tfinp cT ^ftib this casCi* che fi^fl ai^u^Qcot is the naoiD 

of die n^ig4iHrtr faob. The ^w^* SCDdS ft «mil»r ' f |q dlC OCtghbOT (OOOtainillg &^ pam^ 

of the yrirftng hnb) and does a <r . ginfM:r i o n thmdowu . This may ca i rr the f oUowing 
system events lo be sent; NXS_SYS_FVENT_FAIL_SUBSCRirnOKS. 
NXS.SYS.gVEyTJ>ELEIEJOi nES. tad 
NXS_SYS_EVENTJ)ELErE_ADVEiaTSEMENTS. One die cocmrcrinn dean-cp 
events are sea, a NXS_SYS_pVENT_fND_CM=_STREAM b delivered. 
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15 



The w p^Tvy of evems is the oa tbe nrighhor hub recdving 

NXS.SYS.EVENT.DBCONNECT.HUB . 



10 KXS_SYS_EVEKT_END_OF_STREAJyi 

/acring/ Sending hub aaae 

/string/ Sending hub territory 



Trviu-atr^ dtf last evexu to be seen gq a cnnnwri op, CVjm up <Uti stniuuiev. 

NXS_SYS.EVEMT_REQUEST_EVEKmrPES 

/string/ Senclicg hxib riAaaa 

/string/ Sending hub territory 

Send cveni types to the sender with hOCS_SYS,EVENT_NEW.EVEhrrrVPE_FILES. 

KXS_SYS_EVEKT_NEW_EYEKTTYPe_RL£S 

long NXinber of flies F 

long NtJBBber o£ types r 

Repeacecr r cimes: 
/string/ .nexxis fiie contents 

/string/ ,i£r file contents 

Repeated r tlaes: 
string Cvent type naoae 

Loed cbe IFR end hfexxis files into the IFR sod crested the g^v« eve^ 

is £anrsrded to sU coooecSBd i rtgl i lxti f irrpi the sender and nrighhnra who have 

already seen the event. 

^aS_SYS_EVENT_FORWARO.EVBmYPE_nLE 

ulong Address of CventType^ile state 

Loog Hvsnber of ev«nt types r 

/^peaced r tiMs: 
string Event type osaa 

Send the evem type file and ewnt types to ail Dcsghbors. Only sezu to self 

when cvcQttypes are creaicd or opdaied. 

faS_SrS_EVENT_REQUEST.AOVEHTlSaienS 

/string/ Sending tmb naae 

/string/ Sending hub territory 

Deliver all advcrtisaztents to the sending hub with a 
NXS_SYS..^VENT_NEW_ADVEKnSEMENTS. 

NXS_SYS.EVENT_NEW_ADVERTlSeMEKTS 

long bhjDt>er of advertisements A 
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Th« System Events 



RepBAced A. Cimes: 
/sLTing/ Advertisement aame 

/string/ Event type name 

long Prxori-ty 

string Storage latxle; "p* or "t* for persistent or tran- 

sient 

along Tune to live (seconds) 

'acrj-ng/ Originating hub naa»e 

/string/ Originating hub territory 

15 Create RcxzKXcAds^or the listed advertise mcnrs Tbe origixiamig hub ts wbeir the 

advcmsexDcni was created. The system evexu is forwirdcd to ail coooecicd ocighbors 
excepted the seaQder*tn4.oet^hbon who have already seea die event. 

NXS_SYS_EVEKT_CONNECnON_READY 

20 /atrmg/ Sending hub name 

/string/ Sending hub territory 

The vwiing bub is ready to use cfae connrcrioQ. If tbe reoetver is also ready, it replies 
wish a NXS_SYS_EVENT.OONNECnON_READY. If tbe ccnnecdoo is alre«ly 
rsuMKhftfl tbe sysem evexx is igxtomL 

NXS_SYS.EVEKT_l=ORWARD_ADVEHTlSEl«ENT 
string Advert iseoAnc naa* 

Send tbe ntmrH advertiseniect to aB fAmtg^ at^i oetgihban. Only sent to self wbea 
30 advertisements are CTcaed. 

NXS.SYS.EVENTT.CHANGE.ADVEirnSQyiENT 

/spring/ Advertisement none 

/St. ring/ Origlaat i ng hub name 

35 /string/ OriglAarinq hub territory 

long Priority 

string Storage oioda; "p* or *t* for persistent or tran- 
sient 

ulong Time to live 

40 Update die mag-hnig RemoeAd widi tbe givca vafaieL Tbe system evexu is forvaided 

to all cooDecnl nrighhnrs ctfcy i t tbe seader and fanfaa that have already seen tbe eveoL 

NXS_SYS.EVEKT_DBLETE_AOVERTlSE»iQiTS 

long Number o£ Advert isenents A 

45 Repeated A tlme3: 

/string/ Advert Isecaent name 

/string/ Originating hub name 

/string/ Originating hub territory 

50 
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Th% System Events 



Delete cbe associaocd RexnoceAds md reined dzti sauzxurcs, Seni by the origin«ring 
bub when An adverdsemem h delecd. The sysicm evexu is forwaxded to til coaoected 
octghbors except the sender tai hiib« that hxve already seen the evexu. 



NXS_SYS,EVEKT_REQUEST_ROLrrES 

/acrlng/ Sending hub naiae 

/atrj-n:?/ Sending h\ib cemtory 

Deliver &U rooting infonniiiaa to sender wida NXS„SYS_EVENT_NEW_ROUTES. 

NX5_SYS_EVENT_NEW_ROUTES 

long N^jmber ot roures R 

RepeACe<S R times: 
/acrlng/ Advertisement aaate 

/atm ruj/ Originating h\ib name 

/string/ Originating hub territory 

long Cost 



Record the C I wri.T a rcxoe from the seoder to tfac pvea advcrTisrmmfi at tfac given 
cost. AdSouce objec u arc crcaul and if this is the first roue to the Advettiseaieat, the 
kxal r^irrm are rhrckrd for subacrxpooa mrtrhn This may lesall in a 
NXS_SYS_EVENT_NEW_SUBSC3UFnONS to the seoder of 
NXS.SYS.EVE>rr_NEW_RCHJTES. Each rofot b coosadeied sepameiy for 
f oiw aidin g- rooae is doc f orwvded to the ynrirr, the oris^&adng hob, or to a hnb 
thatfatt already seen dae eveoL The roufc ia only fu w ai J ed if it is die firfl rocce for the 
R eiH oa e Ad, or it is the sftcxnd route and the destnuDoo fasb is nirp^y rouse provider. 
The cost fieid of the forwaiiled event is incrTJiKinfled by the cott a£ the ooooectioa over 
which the event was received. 



This sysaem event tnay mark the end d mnnfoion set&p. If the eveix came from a 
neighbor that is itoc yet foOy c oi mn- t n i. 

NXS.SYS_EVENT_CONNECnON_READY is sem to the f^ g*^^^ 

Fa5_SYS.EVBfT_CHAMQE_f?OUTES 

long KwBBber of route changes R 

/string/ Originating hub naas 

/string/ Originating ttub tttrritory 

A«p«aced R tlmos: 
/string/ A^Sverciseownt nasM 

long Cost 



rhangr the coat cf a route. Had the matrhing RemoceAd and AdSouroe and qpdaae its 
cost vahe. The rysem event is f o r wa rded to all connecaed n^ gh VMw- ^ except the v^^^^ 
and neigfabor who have already seen die event 



MXS.SYS_EVENT_DELETE_ROarES 

long Kianber of roxjtea R 

Refyesced R times: 
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10 



30 



40 



Ths System Evmna 



/string/ Adverciseinent naae 

/3Lrxng/ Originating hxib nami* 

/string/ Originating hub territory 



Delete tt^ routes (AdSouroe) for the ^iven advemsonenis (RrmnCf Ad). Any 
subscripdoDS which were fed by dui route are failed. This may result in 
NXS_SYS_EVENT_FAIL_SUBSCRIPnONS seal to oeighbars who have 
subscripdaos rcgisicxed for ibc advemsoDcm. Forwarding of each d c W rt ed route is 
cocsidered sepntely and only if the list nxue to the advertisement was deleted. The 
IS sysoem event is ikx forvanled to the sender or dhe originating hub. 

NXS_SYS,EVEhrr_CHANGE_CONNECTK>N 

/string/ Sending hub name 

/string/ Sending hub territory 

20 long Dolta to sending hub' s connection cost 

Update their cost for the conrrrrincL 

KXS_SYS_EVacr_NEW_SUBSCRIPTK)NS 

25 long Kixaber ot subscript ions 5 

i^p«aced 5 times: 

/string/ Advertisement name 

/string/ Advertitfcnent hub oaia* 

/string/ Advert iseBi«nt hub cerrit.ory 

/string/ Filter expression 

ulong . ^mcr id in sender 

ulong Subacripclon id In sender 



Regisvx subsaripdoQS fram the sender against the given adverri^mmn Crease a 
Sabacripdoa oa the sending neigfabar azkd aell the RcmoieAd aboot iL Tbe KcoaoccAd 
rflt the curr e n t AdSooioe which creaies a Sink far the Neigjibor (if ooe does doc yet 
35 exist). The Sink adds a StibscripdooRcf for tfaeSobscripdaa. 

H the advcniscineDi b finam another fanb» forward a system event for the arm 
snbacripoon to the neighbor supplying the cmieiii roote. 



Tbe owner and sabsaripdon ids azetised to locue dte sobaciipdoo when it b cincrVd 
and to kfeimfy it wfaea it fails. 

If there b a ftilmts daring sobscnpnoa rcgtstrationu an 
NXS_SYS_EVENT JFAIL_SUBSC3aPTK>NS b frtm i ral to tte sender. 



45 NXSjSYS_EVeCT_CANCeL_SUBSC«PT10NS 

long Nianber of subscripciona s 

Rep^ACed S t loess 
ulong Owner id in sender 

ulong Subscription id in sender 

50 
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rarw-^i tbe listed subscxiptiaas. This event can be sent (xaai self or a oeigbbor. Remove 
all refeiences to the subschptioa £rom all cuncni AdSaurces. This should delete ail 
rcfeieiKS to the Subscripuao by Sink owned SubscxipdooRefs. Tbe cancel is forwarded 
to &U ittighbon which could possibly feed tbe stsbscripcioa. 



NX5.SYS_EVEKT_FAiL_SUBSCRJPTnONS 

lonq >^Jnt>er ot failures S 

Repeazea S cirses: 

ulocg Owner id in cecexver 

•along Subscription id In receiver 

/string/ Hub naiae where f&iltire occurred. 

/atriJig/ Territory where failure occurred 

/string/ Failure reason 



Remove reference to the subscripdocs from AdSouxces. The subscripdoQ Itself is ooc 
affected by the failure. If the subscripdoa was from a oeighbar. the failure is forwarded 
back to tbe origiinatzng bub. 

NXS_SYS_EVENT.F=ORWARD_SUBSC«lPnON 

ulong Client id 

ulong Subscriptioa id 

For ward the new sobscripdaa to neighbors whjch can feed tt. Tell all m>*rhfng 
RexnoceAds about the sobscripdaa. Each ReskoceAd tells its cimeo t AdSoarce which 
czeates a Sink for the Qiest (if ooe does not yet exist). The Sink adds a SubscnpoociRef 
for die Snhscrxpoon. Send a NXS_SYS_EVENT_NEW_SUBSC3lIFnONS to the 
< .iiT i nir stxznx for each ooQ-local RemoceAd. 

KXS,SYS,EVEWT_DELErE_EVEN H YPfc 

string Event typ* naxoe 

Destzny the event type. Tbe system event is forwarded to all connected nci^^ibors 
rxrrpt tbe acoder and fanbs that have already seen the event. 



7.0 Miscellaneous 



7.1 Event Content RHering 

The fanb oses die same fihnins code and API as the Kexoa client When a 

sobscripDOQ is registered, the accoaspanyicg filler exprcssioa is run tfarooigh 
nxsOeateHlier to cieaie a a-«imi filcec The hob is cnmrn'Vrf with a versioa of tbe 
filtering library which allocates fibers from FHeap insgad of malloc. Tbe coDCXtt filter 
is reoordcd in the Subscripooo state. Wbea ifaeze is a pognrial niacb between an event 
and tbe subscripdoa. nxsHlterEvent is called to check for a mairh An etnpcy filter 
expression T"'"r'**^ all events. 



Claims 



1 , A method of connecting a data base to a publisher/subscriber network, so that the data base can publish events to 
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the network, the method comprising the steps, performed by the data processing system, of: 

providing a link so that the data base can communicate with a data base connector computer program by way 
of a transaction monitor computer program: 

setting up the data base connector as a publisher hub in the network; 
receiving input, by the data base, from a user that alters data in the data base; 
informing the transaction monitor that the data has been altered; 
receiving input from the user indicating that the altered data should be committed; 
informing the transaction monitor that the altered data is committed; and 

sending, by the data base connector, in accordance with a message from the transaction monitor that the data 
is committed, a published event to the network in accordance with the altered data. 

The method of claim 1 , further including the steps of: 

receiving input from the user indicating that the altered data should be rolled back; 
informing the transaction monitor that the altered data is rolled back; and 

refraining, by the data base connector, from sending the altered data to the network in accordance with the roll- 
back. 

A method of connecting a data base to a publisher/subscriber network, so that the data base can subscribe to 
events to the network, the method comprising the steps, performed by the data processing system, of: 

providing a link so that a data base connector computer program can communicate with the data base; 
setting up the data base connector as a subscriber hub in the network: 
receiving, by the data base connector, an event from the network; 

sending, by the data base connector, data in accordance with the received event to the data base; and 
committing, by the data base connector, the data in the data base. 

The method of claim 1 , further comprising the step of: 

sending the event, by the data base connector, to one of its neighbor hubs, where a data structure in the data 
base connector indicates that the neighbor hub is on the least-cost path to a subscriber for the event. 

The method of claim 1 . further comprising the steps of: 

receiving an event by the data base connector; 

determining, by the data base connector, in accordance with a data structure of the data base connector, that 

the data base has subscribed to the event; and 

sending, by the data base connector, the event to the data base. 

The method of claim 1 , further comprising the step of: 

receiving an event, by the data base connector; 

determining, by the data base connector, in accordance with a data structure of the data base connector, that 
a neighbor hub is connected either directly or indirectly on the least-cost path to a subscriber for the event: and 
sending, by the data base connector, the event to its neighbor hub, so that the event can be forwarded to the 
subscriber. 

The method of claim 1 . wherein the sending step includes the step of: 

sending an event, by the data base connector, to one of its neighbor hubs when a data structure in the data 
base connector indicates that the data base subscribes to events having the type of the event. 

The method of claim 1 . wherein the sending step includes the step of: 

sending an event, by the data base connector, to one of its neighbor hubs when a content filter in a data struc- 
ture of the data base connector indicates that the data t>ase subscribes to events having values found in the 
event. 
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200 

S 



202 



Define one or more 
events (use OMG IDL) 



Compile the IDL to 
204 structures in the C 

programming language 
(including header file 
and code generation 
file) 



206 



Install advertisements 
for event(s) in hub 
connected to the 
application 



FIG. 2 

Installing an Application (Publisher) on a 

Hub 
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300 

S 



302 



Register client and 
register publications 
against a pre-installed 
advertisement (step 
206) with hub 
connected to the 
publisher 



304 




Create the event (fill 
in structure) 



306 



Publish unpublished 
events 



308 



Destroy the published 
events 



310 



312 



Publishing Events 
FIG. 3 




Unregister publication 
and client 



314 
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400 

S 



Register client and its 
402 subscriptions with hub 
connected to this 
subscriber (a 
subscription can include 
a content filter) 



404 



410 



Tell the hub to alert 
subscriber when an 
event occurs (i.e., 
register callback 
procedure for each 
subscription) 



408 




Callback function 



► 



Do something 
with received 
event 



406 



Unregister client and 
subscription 



Subscribing to Events 
FIG. 4 
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The following gives the important data fields of the classes in the diagram 
(of Fig. 6(a)). 

Client: name, id, event queue, event queue pushconsumer. Subscription 
list, publication list 

Neighbor: name, id, event queue, event queue pushconsumer, 
AdSourceRef list. Subscription list, my cost, their cost 

AdSourceRef: pointer to AdSource 

RemoteAd: name eventtype name, priority, storage mode, time to live, 
originating hub, originating territory, AdSource list, current AdSource 

AdSource: Sink list, cost 

Sink: SubscriptionRef list 

SubscriptionRef: pointer to Subscription 

Subscription: eventtype name, filter expression, owner id, subscription id, 
reference count, (for remote subscriptions: neighbor owner id, neighbor 
subscription id, ad name, ad originating hub) 



FIG. 6(b) 
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Installed advcrtisemants for this hub 



( uu 


Advert 
Name 


Event 
Description 


Freq of 
Publication 


Event 
Type 


Priority 


Time To 
Live 
















Registered clients of this hub 
734 736 737 740 742 


Application 
Name 


User 
Name 


User 
Password 


Hub 
Name 


Territory 
Name 


Flags 


Client 
ID 
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760 



Registered publications for this hub 
764 



Client 
ID 


Advert 
Name 


Publication 
ID 









770 



FIG. 7 



Registered subscriptions for this hub 
774 



Client 
ID 


Content Filter 
Info (if any) 


Event 
Type 


Subscription 
ID 
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Origin Hub 



Advertisement Name 



Publisher Name 



Territory Name 



Initial Time Stamp 



Time To Live 



Priority 



Flags 



List of Subscriber IDs 



Body of Event 



Time Spent 



FIG. 8 
Envelope Format 
of Event 
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Sequence Number 



Time Stamp 



This Hub's Name 



This Hub's Territory 



Sequence Number 



Time Stamp 



This Hub's Name 



This Hub's Territory 



FIG. 9 
Routing Blocks of an 
Event 
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1002 



1004 



Distribute information 
about hub connections 
among hubs 
(Create neighbor 
objects) 



Distribute event types 
among hubs 



Connect hub 
Connection failed 
Disconnect hub 
Connection ready 
Change connection 



Request event types 
New event types 
Fonvard event types 
Delete event types 



1006 



Distribute 
advertisements among ' 
hubs 

(Create RemoteAds) | 

I 



Request 
advertisements 
New advertisements 
Fonward advertisement 
Change advertisement 
Delete advertisement 



Distribute information 
about routes among 
1008 hubs 

(Create AdSources, 
AdSource Ref List 

entries) 
(Choose a current 
AdSource for each 
RemoteAd (Least cost 
Path)) 



Request routes 
New routes 
Change routes 
Delete routes 



FIG, 10 
Populating 

Data 
Structures 

of Hubs 



1010 Distribute subscriptions 
among hubs 
(Create sinks) 
Each hub passes 
subscription back 
along least cost path to 
publisher) 



New subscriptions 
Cancel subscriptions 
Fail subscriptions 
Forward subscriptions 
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1106 



cost = 1 



1104 




FIG. 11 
How 
Subscriptions 
Propagate back 
along least-cost 
route 



^V^^Source^ cost = ^y 
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1202 



Receive published 
event from publisher 
attached to this hub 



1203 



1204 



Receive published | 
event from | 
publisher attached j 
to neighboring hub i 



Preprocessor of hub 
I adds envelope to 
I event and verifies that 



j this type of event is 
! registered 



1206 



Preprocessor of hub 
places event in hub's 
incoming event queue 
(which throws away 
duplicates) 



1208 



Filler gets event from 
incoming event 
queue; increments 
time-spent field for 
this event (time since 
published) 



1210 



Filter adds routing 
block to the event for 
this hub 




FIG. 12 




1212 



Extract current 
AdSource for this 
publication in this hub 
(via remoteAd or from j 
AdSource) 



1216 




Throw away 
event (only 

for his 
subscriber. 
Check 
content 
filters of all 
subscribers) 



1222 



Send event to each 
neighboring hub 
connected to a 
subscriber sink object 

(except for the 
sending hub and hubs 
that have already seen 
the event) 
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Transaction Monitors 




FIG. 13 
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1400 



1402 



Configure data base 
connector as a 
subscriber 



1404 



Event arrives 



1406 



Data base connector 
stores data into data 
base (and commits) 



FIG. 14 
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1500 



1502 



1504 

Si 



1506 



1508 



1510 




-DB tells monitor of commit 
-Monitor informs DB connector 
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(57) A method and apparatus for publishing and 
receiving events to a network (120). A plurality of "pub- 
lisher" entities publish information and a plurality of 
"subscriber" entities request and use the information. 
Publishers (102. 110, 116) and subscribers (104. 112. 
118) are connected to each other through a network 
(120). The network (120) is a "store and forward" net- 
work whose routing is "content-based." The basic 
quanta of information is called an "event." Publishers 
(102. 110. 116) publish events and subscribers (104, 
112. 118) subscribe to events that match criteria 
defined by the subscriber (104. 112. 118). Publication 



and subscription are performed asynchronously Pub- 
lishers (102. 110. 116) and subscribers (104. 112. 118) 
do not have direct knowledge of each other. The system 
(100) receives a published event from a publisher (102. 
110. 116) and routes the event to all appropriate sub- 
scribers (104. 112, 118). Each subscriber (104, 112, 
118) is guaranteed to receive all events published on 
the system (100) if. and only if, they match the subscrip- 
tion criteria specified by the subscriber. A legacy data 
base can be added to the network by way of a data base 
connector, which can be a publisher, a subscriber, or 
both. 
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